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habitat used by many fish species for

spawning or as nursery areas for the young.

These include forage fish such as killi-

fishes. suVersides. and menhaden, and food

fish like flounders, herrr.gs. >r.ad. and

white perch. The sudden impact of mas-

sive quantities of silt and soil chemicals

into the tributaries must have had an im-

pact upon the reproductive success of these

and other species. The demersal eggs of

some fish, for example, would have been

more frequently covered by sediment.

There is a strong possibility that the re-

duction in the populations of some spe des

began in the late 18th and early 19th cen-

turies. A brief survey of historical docu-

ments failed to uncover any evidence of a

change in fish abundance but this is not

surprising. Given the extraordinary abun-

dance of fish that originally existed in the

Chesapeake, it would have taken a major

reduction in their numbers to be notice-

able to the casual observer and thus war-

rant comment. Accurate records of Ches-

apeake fish harvests only begin in the

mid-19th century and the best data are

from the 20th centu:

This is of relevance because the

19th century data cannot be considered

indicative of the original abundances Our
fisheries records may begin in the m:c si

of a decline rather than before it started.

It is also likely that by the mid-19th cen-

tury, the composition of the Chesape
fish population was significantly altered

from what it had been when colonization

began. More research is dearly necessary

but the available data imply that changes

in the Chesapeake due to anthropogenic

factors were well advanced by the time the

first accurate fisheries data became avail-

able.

What impact did the extensive siltation

have on the fish populations in spe: : ;

tributaries Is there any real evidence of

a change? To answer this, data are nec-

essary from 19th century s::es in the same

area where earlier sites h ave also been ex-

cavated. Unfortunately, tittle effort has

been directed at ^::c^ :: this period in the

Chesapeake region but there are some data

from 19th-century sites in St. Man's City

that warrant consideration.

e many other streams in Maryland
during the late 18th and early 19th cen-

:..:.t -

- v
r: ::::::::::: :.

greatly increased rate of siltation. A good
example is a small tidal stream, known
today as St. John's Pond, which flows into

the St. Mary's River at the site of the l"th-

century capital. This stream was open to

the river in the mid-18th century and suf-

ficiently deep for sailing vessels to enter

and tie up at a landing on the interior.

Over the course of the next sixty years,

this pond filled with a great amount of

sediment and the opening to the river be-

gan silting shut. An 1824 map reveals that

this entrance was so clogged with sediment

that a road was constructed across it.

Faunal materials dating to the 19th cen-

tury are available from the Toile-Tabbs

site, ::^:ed one quarter mile from St.

John's Pond and within a mile of many of

the 17th and early 18th-century sites dis-

cussed previously. Tolle-Tabbs was a pri-

vate home, constructed about 1740. and
that stood until about 1860. The vast ma-
jority of the archaeological deposits on the

she date between about 1830 and 1860,

when the structure was occupied by a se-

ries of tenants. Faunal remains from these

deposits have been studied and they dis-

play a strikingly different composition from

that found on the nearby colonial sites
-

Elements from striped bass and bluefish

are present, along with bones from mem-
bers of the Family Clupeidae. probably

the American shad (Alosa sapidissima).

The most abundant remains, however, are

from the oyster toadfish (Opsamis tau) and

especially the striped burrfish iChilomyc-

rerus schoepfi). No bones of the readily

identifiable burrfish have been found on

any colonial site in the area, and toadfish

remains are rare. Sheepshead and drum

bone> are : : mpletely absent from the Tolle-

Tabbs site, in striking contrast to every

colonial site in St. Mary's City.

The absence of these sre;:es is almost

certainly not due to a reluctance to con-

sume them: the sheepshead was widely re-
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garded as one of the best eating fish in the

Chesapeake. Both the sheepshead and

drum could be easily taken with the simple

hook and line, which even a poor tenant

family could have afforded. It is incon-

ceivable that they would have ignored such

an easily caught and delicious food source

if available, while consuming less desira-

ble species such as toadfishes and burr-

fishes. The most likely explanation is that

sheepshead and drums were no longer

present in the waters near the site. Toad-
fish and striped burrfishes may have be-

come more abundant.

Although not yet analyzed, another

sample of animal remains from this period

has been excavated at the c. 1840 Brome
Plantation, also in St. Mary's City. A
preliminary examination indicates that

sheepshead and drum remains are very rare

or absent in this sample. All of this sug-

gests that there was a significant change

in the ecology of the St. Mary's estuary

between the mid- 18th century and the mid-

19th century. In particular, the benthic

habitat appears to have been significantly

modified. Sediment core analysis by Grace
Brush (this volume) reveals that the flora

and microfauna in the benthic environ-

ment of tributaries was severely affected

by sedimentation, thus lending support to

the archaeological findings. Although the

evidence is still quite limited, it suggests

that major transformations of the ecology

and the fish populations in the St. Mary's
River were occurring during the early 19th

century. Almost certainly, other tributar-

ies of the Chesapeake were undergoing
similar changes.

Archaeology and Ecological Insights:

The Potential

Archaeological sites contain a virtually

untapped record of past ecosystems. Fish

remains from sites attest to the presence

of various species and provide some means
of inferring relative abundances. Identi-

fying changes in fish distributions and pop-

ulations is therefore possible. Determin-

ing why they changed is a harder task that

requires data on many other aspects of the

ecosystem, data that are either non-exis-

tant or difficult to extract from the his-

torical record. Fortunately, the same pits

and cellars that yield fish remains also con-

tain a diversity of ecological data locked

in the shell of the oyster.

Oysters can be thought of as small en-

vironmental monitors, constantly record-

ing data about the surrounding aquatic en-

vironment during their lives. Through the

archaeological excavation and dating of the

shells, these molluscan sensors can be

placed into a precise temporal sequence

and their data banks on the Chesapeake
environment decoded. Work by Bretton

Kent has revealed the diversity of insights

obtainable from the shells.
33 Analysis of

the various organisms that lived on or in

the shell, for example, can reveal the water

salinities and nature of the benthic habi-

tat. Many benthic organisms, such as the

burrowing sponges Cliona sp., have spe-

cific salinity requirements and leave in-

dications of their presence on the shells.

By identifying and counting their frequen-

cies on shells, an indication of the pre-

vailing salinities in the waters near a site

at specific times can be obtained.

Oyster shells can also tell of the bottom
conditions in which they grew. Shell shape,

for example, reflects the nature of the sub-

stratum upon which an oyster lived. By
studying this and other attributes of the

shell, the changing bottom conditions in

specific locations can be traced over

hundreds and perhaps thousands of years.

There is the possibility that many collec-

tions of oysters from sites can also provide

precisely dated samples of bottom sedi-

ments. This is due to the activities of the

oyster mud worm (Polydora websteri)

which burrows into the edges of the shell

and creates cavities that later fill with sed-

iment. On many shells from colonial sites,

these "mud blisters" remain intact and
when opened, are found to contain sedi-

ment. With sufficient shell collections from

a given locality, it is possible that a se-
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quence of well dated sediment samples can

be obtained.

Other ecological clues lie hidden in the

hinge area of the oyster shell. This is a

location where annual, seasonal, and

probably daily growth rings are laid down
and they can be read through various an-

alytic methods. Variation of average growth

rates in shells from different periods could

be used to learn how nutrient availability

changed in a tributary. Climatic infor-

mation can also be obtained from these

shells since major storms, periods of se-

vere cold weather or drought all influence

shell growth by affecting the surrounding

aquatic environment. The collection and

study of oyster shell samples from rural

sites along the Chesapeake offers tremen-

dous potential for tracing the past ecology

of the estuary. When combined with data

from archaeological fish remains, these in-

dependent sources of evidence can pro-

vide a remarkable record of the estuarine

conditions and help determine how and

why they have changed.

Summary and Conclusions

Review of the historical and archaeo-

logical records from the 17th and 18th-

century Chesapeake provides a number of

important insights pertaining to the colo-

nists' use and transformation of this es-

tuary. Over most of the colonial period,

the colonists appear to have had little im-

pact upon the Bay's ecosystem. Agricul-

tural practices were of the type that re-

quired large quantities of land and provided

sustained yields without permanently de-

grading soil resources or causing serious

erosion. Fishing activities focused on the

benthic habitat over most of the colonial

period. Given the simple fishing equip-

ment and small human populations, it is

unlikely that harvesting pressure was suf-

ficient to have any impact upon the fish

populations.

Only in the late colonial period did sig-

nificant ecological change begin to occur.

Large sections of the Piedmont were un-

der cultivation or being actively cleared

for plow agriculture. In the Tidewater area,

due to both human demography and eco-

nomic forces, the land tenure system and

agricultural practices changed during the

last quarter of the 18th century. Evidence

suggests that after 150 years of use, the

soil conserving method of shifting field ag-

riculture was rather quickly abandoned for

an "Improved" agriculture based on in-

tensive plowing and field fertilization. The
new method may have provided better

yields but its unanticipated side effects were

widespread surface erosion, deterioration

of soil resources, and rapid sedimentation

in the tributaries of the Chesapeake. By
1820, significant changes were occurring

in estuarine ecology and the aquatic re-

sources. This is a clear example of the im-

pact that changing land use practices can

have on estuaries.

The Chesapeake region has been oc-

cupied for thousands of years by a variety

of cultures who perceived and exploited

the environment in a diversity of ways.

These peoples have left us a remark-

able legacy, formed quite unintentionally

through the process of daily life. By de-

positing artifacts and food waste into the

ground, they created thousands of time

capsules that not only tell of their lives but

of the environment they inhabited. Through

the study of this archaeological record, and

the surviving historical accounts, it is pos-

sible to gain a unique insight into the ev-

olution of the Chesapeake. This paper

represents a first effort at synthesizing the

research findings of archaeologists and

historians to better understand how and

why the Chesapeake has changed. These

data sources have tremendous potential

for the development of the temporal per-

spective necessary to preserve and nurture

this magnificent estuary.
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ABSTRACT

Chesapeake Bay contained large populations of fish, crabs, shellfish, and aquatic plants

at the beginning of the 19th century, although harvests were small. Vast spring runs of

anadromous fish were increasingly exploited to provide millions of pounds annually until

closing of rivers by dams, heavy predation by fishing, and perhaps pollution took their

toll. For oysters, the coincidence of the importation of deep-water dredges, development
of new technologies, high demand, and the discovery of large unknown beds resulted in

a new important industry and changed the ecology of the Bay. The effects of poor man-
agement were also discovered. Abundant blue crabs were caught and processed as new
methods were perfected and transportation became available. Waterfowl were harvested

for food and for sport in large numbers. The environment, which had been injured by
sediments from land, received growing quantities of human and industrial wastes, and the

first steps toward water pollution prevention were initiated.

The century provides dramatic and large-scale examples of discovery, innovations, ex-

ploitation, and decline in fisheries and of the dawning recognition of the needs for scientific

understanding, wise management, and the control of pollution.

The Beginning of the Century vegetation. The high diversity offish, game,
and birds was noted in many reports. As

As the century opened, the living re- always, the stocks were certainly variable,

sources present in the tidal Chesapeake as noted in the accounts of George Wash-
Bay system were rich in variety and enor- ington and others.

mous in quantity. Vast spring migratory The harvest at that time cannot be mea-
runs of shad, herring, and sturgeon en- sured because there was no system or habit

tered the Bay and moved to the tributaries of permanent recording. The scattered

to spawn. Unmeasured but certainly mas- records and occasional relevant writings

sive populations of oysters, crabs, men- show, however, that the harvest was mod-
haden and sea-sourced fish were present, est, local, and highly seasonal. Only a few

Clouds of waterfowl had been observed fishing methods were available, those im-

since colonial days and their presence gives ported by the immigrants or adapted from

evidence of abundant stands of aquatic native Indian practices. These included

188
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simple short tongs for shallow-water oys-

ters, small seines, wiers, and primitive fish

hooks. The largest harvest was from the

spring runs of fish. According to writings

of the period, crabs and oysters were not

highly esteemed, although oysters were
significant in the local tidewater diet

(Wharton 1957, Middleton 1953). Co-
lonial management by England had never

favored fisheries in the Maryland and Vir-

ginia colonies, which were expected to

produce tobacco while fishing was en-

couraged in New England. "Good" salt

from Lisbon, Italy, and Cabo Verde was
prohibited for the Chesapeake colonies,

and only "weak" and inadequate salt from
Liverpool was permitted (Beitzell 1968,

Bayliff 1971). One of the results of lib-

eration was improvement in the preser-

vation of fish. By 1800, significant pro-

duction was only beginning.

From the perspective of modern knowl-
edge about the Chesapeake Bay system,

we can speculate with a degree of confi-

dence about the environment in the Bay
around 1800. All of the many habitats now
present were in the system (except for the

polluted ones). There was a wide variety

of depths and sediment types, the broad
seasonal swings in temperature and rain-

fall were similar to the present, the full

gradients from fresh water to marine sal-

inity existed with considerable variation,

and the physical circulation patterns were
not greatly different. Most of the same
species lived in or around the Bay, al-

though significant changes have occurred

from introductions and reductions or per-

haps extirpations. The populations of hu-

mans were relatively small, and included

about 350,000 in Maryland and 865,000 in

Virginia. Clusters of people were so small

that "city" is hardly an appropriate word.
Wastes were dumped freely into the near-

est waterway, where local effects probably
occurred.

The human population had, however,
achieved one change that had a substantial

effect on the estuary. Land had been rap-

idly and extensively cleared of trees in the

tidewater region, principally for the bare-

field culture of tobacco. Iron furnaces were

common, demanding mining of about three

tons of ore per day and 300 bushels of

charcoal to reduce it, causing additional

land clearing. These and other activities

resulted in massive surface erosion, faster

run-off of water, turbidity, filling of head-

water areas, larger chemical burdens to

the Bay, and eventual down-stream shifts

in the salinity patterns.

Still, the observed vast populations of

waterfowl and fish provide evidence that

they had not yet been destroyed by sedi-

ment, increased turbidity, or toxicants.

A Century of Harvesting the

Migratory Fish

Shad and several species of herring un-

dertook an anadromous migration from

the ocean to spawning grounds during about

six weeks of each spring. Gear were de-

veloped or adapted to harvest them while

they were crowded in the headwater and
tributary areas. Runs extended up the Sus-

quehanna into New York State, and at

least 40 fishing sites were regularly used

along the upper River from Northumber-
land to Towanda (McDonald 1887). In

other tributaries, the runs extended to the

fall line. In the upper Bay and Susque-

hanna River, large floats of logs were con-

structed and equipped with landing ramps
and processing nouses (Wright 1967). These

were the foci for the operation of 10-15

long seines, which sometimes caught 600

barrels per haul, with 100 or more men
employed for each float. Fish were cut,

salted, placed in hogsheads and trans-

ported by wagons. Shad are described as

weighing 3-9 pounds, and as much as 13

(McDonald 1887).

The short-term employees on the floats

hardly present a romantic image of good
old days. They have been described as

wretched, scarcely clothed, and mostly

drunk —bringing up the rear of the human
race (Royall 1826). Farther up the Sus-

quehanna, near the Maryland-Pennsyl-
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vania line, one haul in 1827 is reported to

have yielded 100 wagon loads of fish, es-

timated to include 15,000,000 shad. A 1835

gazeteer published in Virginia stated that

22,500,000 shad and 750,000,000 herring

were caught per year in the Potomac River

(Bayliff 1971).

Changes were beginning. The first dams
in the Susquehanna, far upstream, were
built about 1830, and canals were built

that diverted a small portion of the river

flow. Perhaps the importation and devel-

opment of new fishing gear, permitting

unprecedented harvests from deeper and
more open waters, was more important

(McDonald 1887). In 1835, gill nets were
the principal gear for fish. Pound nets,

blocking areas from shallow to moderately
deep water, were imported about 1858 from
New Jersey, and the revolutionary open-
water purse net was brought in from Long
Island in 1865. The fisheries were, how-
ever, still principally focused on the spring

and fall runs, although many new species

were taken by these additional tech-

niques.

From 1875 until the end of the century,

there was a phenomenal interest in the use

of hatcheries to augment stocks. Up to

10,000,000 shad fry were hatched and re-

leased each year and efforts were made to

hatch salmon, lake trout, European carp,

rock and even tench! (Ferguson and
Hughlett 1880). Mobile hatchery vessels

were created to move among the spawning

grounds to permit prompt hatching and
release, while other hatcheries were op-

erated at various sites on land. Even the

excellent zoologist W. K. Brooks was
caught up in the enthusiasm, and de-

scribed shad as "a domesticated animal,"

for which "intelligence and knowledge of

nature . . . have enabled man to keep up
the supply by artificial means" (Brooks

1893, p. 239). It is useful to introduce a

later comment, based on extensive review

of shad fisheries and management in the

Chesapeake and elsewhere (Mansueti and
Kolb 1953, p. 85):

"... the honest but mistaken feeling

toward hatcheries which seized not only

fishermen but biologists at the turn of

the century, although even then the

premise should not have stood up under
more objective scrutiny."

By 1880, there were 160 pound nets in

Virginia and two in Maryland, and 60
menhaden factories employed about 800
men (Goode et al. 1887). Shad, bluefish,

sea trout, menhaden, and mackerel were
important to the fisheries. Up to 14,000,000

pounds of shad were taken in the Susque-
hanna, where fisheries had been reduced
down-stream to the Columbia dam, about

40 miles above tidal waters. Gill nets were
still the most important gear, and hundreds

were fished each night in season in the

upper Bay and other tributary areas.

Twenty large seines, up to a mile in length,

were in use along with the attendant floats

or batteries near the mouth of the Sus-

quehanna. Some nets required 2 x/2 days

for emptying. The menhaden "swarming
our waters in countless myriads" were
harvested for oil, fertilizer, and bait (Goode
et al. 1887). The rock or striped bass was
caught only in small quantities.

In the 1880s and 1890s, there was an

explosion of printed material of several

types on the fisheries of Chesapeake Bay
and other areas in the United States. They
included a major seven-volume survey and

description of the "Fisheries and Fisheries

Industries of the United States" by Goode
and many others for the U.S. Commission
of Fish and Fisheries, scientific summaries
(Brooks 1891, 1905; Bean 1883; Ryder
1890; etc.), popular summaries (Brooks

1893; Brooks and Knower 1893), federal

and state agency reports (Carroll 1880;

Ferguson and Hughlett 1880; etc.), and

illustrated newspaper accounts (Anon.
1873, 1874, 1882, 1883a and 1883b). It is

not possible to summarize these here, but

they describe vigorous and imaginative

fisheries, rapidly expanding the exploita-

tion of the Bay's bounty. Figures 1-5 pres-

ent the available estimates of landings for

important finfish. In the 19th century, shad

catch increased dramatically (Fig. 1). The
take of rock or striped bass (Fig. 2) and
of croaker (Fig. 3) was small. Bluefish were
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HISTORICAL LANDINGS FOR THE CHESAPEAKEBAY

7500000-
U

(1880-1981) (Pound*)
Species —SHAD

Fig. 1. Available data on landings of shad, Alosa sapidissima, for Chesapeake Bay, 1880-1981.

HISTORICAL LANDINGS FOR THE CHESAPEAKEBAY
(1880-1981) (Pounds)
Species —STRIPED BASS

Fig-

1981.

2. Available data on landings of rock or striped bass, Morone striatus, for Chesapeake Bay, 1880-
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HISTORICAL LANDINGS FOR THE CHESAPEAKEBAY
(1880-1981) (Pounds)

Species —CROAKER

Fig. 3. Available data on landings of croaker. Micropogon undulatus, for Chesapeake Bay. 1880-1981.

HISTORICAL LANDINGS FOR THE CHESAPEAKEBAY
(1880-1981) (Pounds)

Species —BLUEF1SH

Fig. 4. Available data on landings of bluefish. Pomotomus saltatrix, for Chesapeake Bay, 1880-1981,
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HISTORICAL LANDINGS FOR THE CHESAPEAKEBAY
(1880-1981) (Pound»)

Spectea —MENHADEN
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Fig. 5. Available data on landings of menhaden, Brevoortia tyrannus, for Chesapeake Bay, 1880-1981,

harvested in significant numbers (Fig. 4),

and the capture of menhaden grew to

dominate the quantities of fish landed (Fig.

5). Later catches are beyond the scope of

this paper, but the perspective they pro-

vide on the 19th century patterns is im-

portant, so they are included. At the pres-

ent time, shad are so scarce from the

combined effects of over-fishing, dam-
ming of tributaries, and pollution that

Maryland has prohibited their capture since

1980. Rock or striped bass are under com-
plete moratorium in Maryland and se-

verely reduced harvest in Virginia.

The Sleeping Giant

The very abundant oyster, which had
been only locally utilized and sometimes
regarded as starvation food by the colo-

nists, was still harvested in relatively small

quantities in the early 19th century. Shal-

low beds furnished perhaps 500,000 bush-

els per year for local consumption (Bayliff

1971). Depletion of New England beds

drove opportunistic Connecticut oyster-

men to the Chesapeake, however —and
they brought their deep-water dredges.

New possibilities for both increased har-

vest and damage to beds immediately ap-

peared and Virginia (1820) and Maryland

(1830) outlawed the dredge. Maryland also

prohibited transportation of oysters by non-

Marylanders.

But the dredge remained, and a series

of triphammer events changed the econ-

omy of the region and the ecology of Ches-

apeake Bay. The Baltimore and Ohio
Railroad initiated service in 1828 and

opened new potentials for distribution

(Nichol 1937, Capper et al. 1983). Land
transport of fresh, pickled, and spiced oys-

ters was well established by 1836 (Nichol

1937). The discovery in 1840 of vast deep-

water stocks in Tangier Sound, available

only by dredging, encouraged a vigorous

frontier industry. In 1845, the "cove" or

canned and processed oyster became fea-
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sible because a method was perfected for

hermetically sealing metal cans. Even the

California gold rush, with its demands for

portable canned goods for long voyages,

added new impetus. The Baltimore oyster

industry, greatest in the nation, handled
the following quantities of fresh, pickled,

and canned oysters (Nichol 1937):

1857— 1,600,000 bushels

1865— 4,000,000 bushels

1868 —10,000,000 bushels

Dredging was legalized in 1865 and a

period of unprecedented activity and vio-

lence ensued. Over 900 dredges were li-

censed in Maryland by 1 892-93 . The hand-
winders for raising the heavy dredges

required many deck-hands and notorious

practices of human exploitation existed.

Wars developed at state boundaries and
when dredgers invaded tonging areas

(Wennersten 1981). Crisfield, Maryland,
the center of the Tangier Sound oystering,

was described as a "raw riotous commu-
nity with saloons and brothels filled with

lusty watermen."
Between 1836 and 1890, about

400,000,000 bushels of oysters were har-

vested in Maryland with virtually no effort

to protect brood stocks, avoid destruction

of small oysters, enhance reproduction, or

take other protective measures despite the

detailed analysis, warnings, and recom-
mendations of scientists and surveyors

(Winslow 1880, Brooks 1891, Brooks,
Waddell, and Legg 1884). Natural repro-

duction was no longer replacing the har-

vest (Brooks 1893, Stevenson 1894). Oys-
ter bars had been destroyed, enforcement
of laws and regulations was weak, and the

oyster wars were at their worst (Wenner-
sten 1891).

The human effects of the labor-inten-

sive dredge fishery for oysters were graph-

ically and sympathetically described in an

almost emotional summary on "oyster

dredgers" that appears unexpectedly in a

mostly prosaic volume on Maryland in-

dustrial statistics by Weeks in 1886. He

states:

"The oyster dredgers of Maryland are

the most ill-conditioned body of labor I

have met in the course of this inquiry.

It is labor that has no home, no money

—

scarcely clothes. It is poor and beg-

gardly, exposed to cold and hardship

without restraint or protection of law.

. . . The man who has been dredging

oysters 'down on the bay' is a dilapi-

dated specimen. ... he is never in so

good a condition as when subject to the

regulations of the Baltimore City jail."

(p. 67)

Weeks's interest and concern were
aroused. He describes the shanghaiing of

men by shipping agents at $2 a head as

labor for the handwinders on the deck of

the oyster boats, forced labor akin to slav-

ery, atrocious compensation if any, and
reported killing by "paying off with the

boom." He developed a "synopsis of the

fatalities and injuries which came to the

public notice during the season of 1884-

85, including men abandoned with paral-

ysis, killings, drownings, frost-bite, jaw

fracture from the dredge handle, starva-

tion, swollen and wounded "oyster shell

hands," injury from the jib-boom, and
freezing to death. He vigorously and spe-

cifically recommended humane reforms.

Toward the end of the century, declines

in the catch began (Fig. 6). Scientific rec-

ommendations for management were
largely ignored, although measures re-

quiring culling, use of shells to improve

the setting of young oysters, and other

partial corrections were adopted. Figure

6 shows the relationship of 19th century

extensive and intensive exploitation to the

subsequent declines. The early explosion

of tonging and dredging undoubtedly re-

moved accumulated stocks and it is im-

possible to make good estimates of the

maximum sustainable yield under wise

management and in a healthy environ-

ment. If, however, the harvest could have

been maintained near 70,000,000 pounds


